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SULARY

The research on clectrochemical energy conversion systems has
involved work on two tasks: a search for electrolytes alternative
to phogphoric acid for direct and indirect hydrocarbon-air fuel cells,
and a study of the corrosion craracteristics of electrolytes for
intermediate-temperature hydrocarbon-air fuel cells.

The work during this reporting period has dealt with both tasks.
The anodic oxidation of propane and the reduction of oxygen (air) were
studied in trifluoromethanesulfonic acid monohydrate. Three techniques
were used, the galvanostatic pulse technique, the potential ramp tech-
nique, and cyclic voltammetry. All three techniques indicate that the
enhanced electrode activity of propane in this electrolyte involves
a mechanism different from that operating in phosphoric acid and
apparently this re¢actionsequence does not involve certain undesirable

intermediates.

The open circuit potentiuls for the air electrode in CF3S03 H'H-0

are approximately 150 mv closer to the thermodynamic reversible potential

than the potential observed in phosphoric acid. On the basis of the
electrode kinetic studies of the hydrocarbon electrode and the air
electrode in CFaS); H.H201it would be expected that a hydrocarbon-air

fuel cell would operate at a substantially higher energy density in this

electrolyte as compared with phosphoric acid. 'Preliminary corrosion tests

of four alloys indicate th~t the CﬁQSOSH d{éJeleetrdhrte is substantially

lesg corrosive than phosphoric acid. /
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FOREWORD

This research on electrochemical energy conversion systems
has been sporsored by the U.S. Army Mobility Equipment Research and
Develomment Center at Fort Belvoir, Virginia under Contract No.
DAAKO2-72-C-0084 with The American University. The work was authorized
under DA Project/Task area/Work Unit No. 1TM61102434A 03 100 EF.
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1.0 Introduciion

This is the fiftb semi-annual report on Contracl No. DAAKO2-T72-C-

0084 sponsored by the U.S. Army Mobility Equipment Hesearch and Develop-

* ; ment Center at Fort Belvoir, Virginie. The project entitled "Research
[ on Electrochemical Energy Conversion Systems", congists of two technical
T‘i tasks, both of which are directed toward the improvement »f the hydro-
[ carbon-air fuel cell for ground power systems and vehicular propulsion.
[ Task I. A search for alternative electrolytes to phosphoric acid for
- direct and indirect hydrocarbon-air fuel cells.
H Task II. A stvdy of the corrosion characteristics of electrolytes for
s i intermediate-temperature hydrocarbon-air fuel cells.
CL During this reporting period technical effort was expended on both

tasks. The work on Task I involved further investigation of the properties

of trifluorumethanesulfonic acid monohydrate as a fuel cell electrolyte,

: i particularly experimentation with the air electrode. In the work under
¥ e

£ Task II the corrosion rates of four structural alloys were measured in
2 l: trifluovomethanesulfonic acid monohydrate. '
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2.0 Tagk I. A Seareh for Alterowlive Fleetyolytes to Phosphoric Acid

for birced, and ledircer jiydrocurton Air bund Golls

2.).  Introductory

Previous work on this project has indicated that a new electrolyte,
trifluoromethanesulfonic acid monohydrate, has certain physical and
electrochemical properties which would make it an improved electroly ‘e
over phosphoric acid. The deficiencies of phosphoric acid as a fuel
cell electrolyte have been tabulated (1). The search for an "ideal”
electrolyte has been guided by a list of properties or characteristics
desired of a fuel cell electrolyte.

a. the electrolyte should be a good medium for the efficient
oxidation of the hydrocarbon

b. the electrolyie should be a good medium for ionic charge
transport

c. the electrolyte should be a good solvent for active materials,
e.g. propane, oiygen, water

d. the electrolyte should be a good medium for material transport,

¢.g. removal of COz, as rejection from an acid solution

e. the electrolyte should be chemically and electrochemically stable

over the temperature and voltage operating range of the fuel cell

f. the electrolyte should possess suitable physical properties,
e.g. viscosity and vapor pressure

g. the electrolyte should not interfere with catalytic reactions,
i.e., through anion adsorption or poisoning

h. the electrolyte should be a good medium for the air electrude,

and finally
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i. the electrolyte should nol be stroupgly reactive to conalruction

materials or the fusl cell matrix.

At this point it is not pocsible to cxpress these characteristics
in a quantitative manner. For example, it is not possible to ascign a
critical figure for the hydrocarbon solublility because other mass transport
parameters are not knovm. However, with the above 1list of properties in
mind certain classes of chemical compounds are suggested as possible alter-
natives to phosphoric acid (1).

a. sulfonic acids, e.g. CFgS0sH (the hydrate concept became
apparent as the work progressed).

b. alpha-halo disubstituted carboxylic acids, e.g. CHC1COOH

¢. perfluorocarboxlic acids, e.g. C2F5COOH

d. dialkyl phosphate esters, e.g.(CzHs0)2P(0)OH

e. polyphosphates, e.g. Graham's salt

During the last reporting period (2) apparatus was constructed for
further investigation of tritlnoromethanesulfonic acid monohydrate. This
included experimental setups ito use a potential ramp technique, to develop
cyclic voltammograms, and to measure the solubilities of gases in the
electrolyte. Some experiments used a galvanostatic technique to study
the anodic oxidation of propane in CF3SOst“H20. Further work investigated
the oxidation of propane in perfluorobutyric acid as an example of class
¢ above.

During the present reporting period the results obtained with the
potential ramp technique and cyclic voltammometric technique were
comp;red with those obtained with the galvanostatic method, all studying

the anodic reaction of propanc in CFgSOzH *l20. Current density-potential
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diagrams for the reduction of oxygen (air) in CFsSOsH-11:0 at 90°,

1150, and 135°C on onooth plabinum were obtained and compared with

the reduction of oxysen (air) in 85% HaFO;. In the contiming study

of the physical properiices of the electrotyte the solubility of propane
in CF5S0aH+11-0 was determined at 90°, 104°, and 126°C.

2.2 Experimental

2.2.). Preparation of Electrolytes

Trifluoromethanesulfonic acid monohydrate

Trifluoromethanesulfonic acid monohydrate was prepared from the
trifluoromethanesulfonic acid (3 M Corporation, Fluorochemical Acid
FC-2k, Lot 17) and water by the methcd of Gramstad and Haszeldine (3).
This method which involves successive distillat;ons produced the acid
monohydrate as a white, needle-like crystalline product with a sharp
melting point at 3400 in agreement with the above referenced work.

This preparation is described in more detail under Task II (section 3.2).

Phosphoric acid (85%)

Phosphoric acid (Fisher, 85% ACS Grade) was further purified by the .
technique previously described (4). In this technique the commercial acid )
is treated with 30% Hz02, concentrated, rediluted to 85% acid, and finally
pre-electrolyzed. This 85% HaPQ4 was used as'a comparison electrolyte to

evaluate results obtained with the CF3S0sH Ho0 electrolyte.

2.2.2 Apparatus and Technigues

Electrochemical Studies

The erectrochemical cell and rcference system have been described in
an earlisr progress report (1). The cell was a standard three-compartment

cell of approximately 30 ml capacity to conserve the volume of the expensive

-l
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electrolyte wequired ver cxparinent. The technique used to elecirochemicully

clean ihe cleetrolyte btefure the electroozidation or eleciroreduction,
as well as the method used to determine the surface arca of the electrode
were similar to those described in the referenced progress report.

Helium, propane, and air were used in different cxperiments. Helium
(AIRCO) was passed cver hot copper turninm;. * remove traces of oxygen
before being passed into the cell. Prepane (Matheson "Instrument" (rade)
and Air (Air Products, "3reathing Quaiity") were used without pretreat-
ment.. All gas lines, which were Teflon tubing, were heated so that the
gagses as they entered the cell were close to the operating temperature
of the cell. The cell itself was maintained at temperature in an air
oven.

When phosphoric acid was used as the electrolyte it was necessary
to humidify the gases before they were passed into the electrochemical
cell. This was accomplished with a two compartment pyrex humidifier
maintained at a temperature of 55% to replace the water lost by the
phosphoric acid (initially 85¢) in the cell.

The electroreduction of air was studied in both electrolytes.
Current-potential measurements were made for the reaction in 85% HsPO4
and CF3SO0aH 'Ha0 at 95°, 115°, and 135°C. The electronic apparatus has
been described previously (4). In making these current-potential measure-
ments the practice was to set the potential and then allow the system
to equilibrate for five mimutes before reading the value of the current.
Current-potential measurements were found to reach a steady state more
rapidly if the cell was run with air overnight under a potential of

approximately 0.90 v. vs the dynamic hydrogen electrode. (All potentiais
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given in this report are with reference {o the dynamic Rydrspen electroie).
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In constructing the potential-current curve it was customary to use 2
patterned secquence for the potentials. This patterned seguence used a
constuant potl..tial difference, e.g., a typical sequence was 0.95, 1.25,
0.90, 1.20, 0.85, 1.1y, 0.80, 1.05, 0.75, 1.00 volts. Thic method was
used instead of the customary sequence of 0.75, 0.80, 0.85, 0.90, 0.95,
1.00, ete. The use of the patterned sequence produced reproducible
voltage-current diagrams after a shorter number of runs than did the
normal 50 mv potential step procedure. After two or three runs the
patterned sequence resulted in reproducible potential-current diagrams
whereas the 50 mv step technique might take as many as four to five
runs to develop reproducible potential-current diagrams . This
essentially duplicates the procedure used successfully by Walker (5).
In the study of the propane adsorption process in CF3SOsH*HZ20 two

multipulse potentiodynamic methods were used. The electrical block

diagram and technique were described in the last interim progress
report (2). The pulse sequence is given in figure 1. In the first
instance, figure la, a potential ramp was imposed on the electrode
following a series of pretreatment steps. In £he second instance,
figure 1b, a potential triangle was imposed following the pretreactment
steps. In these techniques, the electrode is pretreated to develop a
reproducible surface, an adsorption step is conducted at the potential
of interest, and finally a potential wave form (ramp or triangle) is

imposed on the electrode.
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The gas solubility apparatus aud procedure were deseribed in some
detail in the last vrogress report (2). 'This procedure is essentially
that reported by Loprest (6) btut modified to use a preciszion pressure
gauge (Texas Instrument, Model No. 145-02). The procedure involves
introducing a measured quantity of gas into the system containing a known
volume of solvent (in this case CF3SOsH-Hz0) and measuxing the equilitrium
pressure of the system. During this last reporting period the solubility
of propane in CFaSO3;H°Ho0 at several temperatures was measured.

2.3 Results

Electrochemical reduction of air in CFaS0zH-H-0 Current-potential

diagrams
In the development of the hydrocarbon-air fuel cell the performance
of the air electrode is obviously as important as the hydrocarbor. side.
For that reason an investigation of the current-potential Sehavior of the
air electrode in CF3SOzH*H20 was conducted..These data were compared with
data obtained for the reduction of &ir in 85% HaPO,. The results on the
electroreduction of air in CFaSOsH*H20 on platinum mesh at 95°, 115°,
and 135°C are summarized in figure 2. The results have been "normalized"
for surface area and adjusted to the "average'" open circuit potential.
In "normalizing” for surface area the observed current value for the
electrode reaction was divided by the "real"surface area of the electrode
as determined by the cathodic galvanostatic charge associated with the
depos?tion of hydrogen atoms on a clean electrode prior to Hz evolution.
The "average" of the open circuit potentials was the average of

the open circuit potentials observed for several current-potential runs
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at cuch toemperature. ‘The deviation from thic averape for each run vas
approzimitely 20 mv.
The current density values atl 2 net potential inercase with temp-

erature ac would be expeeted. The observed limiting current denaities

were
135 ,a/cn® at 25°C
170 a/ent at 115°C
190 “a/cm2 at 135°C

It was observed during the course of running the current-potential
curves that the open circuit potential increased during the first few
runs toward the reversible thermodynamic oxygen potential. Following
the first few runs the open circuit potential became stable during the
remainder of the experiments. This effect is observed in the runs
reported in figure 3.

Figures 4, 5, and 6 compare the results for the reduction of air
in CF3S0aH*Hz0 with those for 85% HaPOg at 95°, 115°, and 135°C. At all
temperatures the current carrying ability at any given poiential is
higher in CF3SOzH*Hz0. The limiting current density is also higher in
this electrolyte than in 85% HaPO4 although the dramatic enhancement

observed for the propane reaction is not evident in the air reaction.

- The most significant feature of these plots is the higher open circuit

potential (approximately 150 mv higher) for the air electrode 1. CF3SOa3H:H20

as compared with the open circuit potential in 85% HaPO,.

‘The open circuit potential for air in 85% H3PO4 reported here is
approximately *'.c same as that reported in the literature (7). The open
circuit potential in inorganic acids which is considerably lower than the

thermodynamically calculated value, is usually regarded as a mixed potential.
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Several nmodals have been put forth Lo explain the ¢ifference bLetween
the thermodyramically caleulated value and the cbaerved mired potential.
These include the formation of peroxiden during the oxygen recaction in
acidic soluiion (8); the existence of Pt/Ft0 and P10/PtOs couples (9);
and a potential established by impurities, particularly organic
jmpurities (10).

At the present time it woild be a matter of speculation in
attempting to explain the higher potential for the air electrode in

CF350gHH=0.

The exchange current density calculated for the zir electrode in
CK3S0gli* Hz0 ie approximately 10 © amp/em®. Literature values for the
air electrode in 85% HgPO, fall in the range of 10 2° to 107 amp/cm’,
the reported values depending considerably on impurities in solution and
other factors. The "Tafel" slope calculated from the polarization curves
in CF3SOzH'H20 was 0.62 which is close 1o the value obtained from similar
experiments in phogspheric acig.

In figure 7 the experimental observations on the air electrode and
the propane electrode, in the two electrolytes, HaPO4 and CF3SOzH* H20,
both at 135°C, are brought together. It is clear that a higher potential
difference is developed in the CF3803H'H20 electrolyte. For example, at
a current density of 1.0 uamp/cma potential differences exist of

0.84 volt in CFaSOsH*Hx0

0.67 wvolt in 85% HaPO,
or a difference of 170 mv. Correspondingly, at k.0 jamp/em® a 210 mv.

potential difference exists.
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Electrochemical beaavior of propanc in CF.S0.M*H-0 ~ Pothential

Ranp Technigue

Measurements utilizing the potential ramp technique, Legun during

i
|
£
f l the last repc:bing period, were continued during this period. The
measurements were extended to include a wider adsorption range, 0.20
l to 0.60 volts, and adsorption iimes varying from 2 to 10 minutes. Typical
l surves for propane oxidation in the two comparison electrolytes are given

in figure 8. At all adsorption potentials and at all adsorption times

a single oxidation peak was observed for the oxidation of propane in

CF3S0s1" Ho0.  In 75% HePO4 two oxidation peaks are clearly distinguishable (11).
These results corroborate the results observed using the galvanostatic
pulse technique (2).

Electrochemical behavior of propane in CFaSOsll *Ha0- Cvelie Voltammaerrame

-
-y

A limited number of cyclic voltammograms were run to support the

observations made .with other techniques regarding the anodic oxidation

of propane. + A typical cyclic voltammogram is shown in figure

9. This voltammogram was run after a 5 minute adsorption of propane at

T T —p—

P 2 s by & e
LT et WMWWwA e

- ~———
. A

an adsorption potential of 0.30 volts. The single oxidation peak is observed

at approximately 0.8 volts.

A g

The three techniques, galvanostatic pulse, potential ramp, and cyclic

voltammetry support the conclusion of the existence of a different reaction

AR

mechanism for the anodic oxidation of propane in CF3SOzH<Hx0 as contrasted

to that in HaPO4.
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Sombil ity Veaimromients

In the last prog-ess rerorl (2) the chee% of the ras solubility
apparatus uzing the solubility of oxyren in water was ryeporiad. The
apparatus and iechnigaes were conaidercd to be sufficiently accurate to
Proceed o ' - measurement of g solubilities in CP3S03H*H20. The
solubilily of propane was determined at 90°, 104°, and 126°C. With the
existing apraratus it was not possible 1o wory over 126°C because during
the degassing procedure for the solvent some of the CF3SOzH*lz0 charge
in the solvent bulb vwas carried over and condensed in the other portions
of the apparatus. It was not possible to accurately determine the volume
of solvent lost from Luld but this volume was available to absorb the gas
when the propane was introduced.

The =solubility of propane in CF-S03H*Hz20 at three temperatures is

as follows:

Temperature Solubility (millimoles of Pressure of
propane/1iter CFaS0-H H-0) propane
90°¢C 0.127 770 mm.
10L°¢ 0.102 78Q mm.
126°C 0.35 770 mm.

The 126°C value is considered less reliable than the other two
for the reasons given above. The values in the above table may be
compared with a literature value for the solubility of propane in
concentrated HaFO4. MacDonald reports(12) a value of 0.153 millimoles

of propane per liter of 95% 115P04 at 100°C and 754 mm of propane.

-20-
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2.4 Coneclusions

The work during the lani reporting period has contrituted to cur
knowledge of both the hydrocarben electrode and the air electrode in
CF3S04P°120. From this and the preceding vierk, it appears definite
that a direct hydrocarbon-air fuel cell utilizing this electrolyte would
support a considerably higher energy density than the corresponding cell
utilizing phosphoric acid.

The anodic oxidation of propane has been studied with three techniques,

the galvanostatic pulse technigue, the potential ramp technique, and

1o U B RGN R SN ARG e Bk v e A @ Tt e

cyclic voltammetry. The results of all three techniques indicate that

the mechauism operating in CFaSOsH<Hz0 differs from that operating in
HaPO4. It is suggested that at least one of the detrimental intermediates

observed in the phosphoric acid mechanism is absent in the CF3SOsH-l-0

mechanism. The solubility determinations do not indicate any appreciable

differences in the two electrolytes. There is no evidence at this point

to conclude that the reason for the enhanced electrode activity of propane

oy

in CF3S03H* Ho0 1ies in improved mass transport.

The open circuit potentials for the air electrode in CF3SOgH *Ho20

were approximately 150 mv. closer to the therﬁodynamic reversible

B B T LA A am RS e 5 S VR, I, 20

oxygen potential than the potential observed in phosphoric acid.

It is speculated that the reason for this is related to the interference

with the peroxide reaction.
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3.0  Tagk I1T A Siud, of the Corrosica Charnclericlies of Rleeclrolyies

for Inlermndiaic~Temporature tiydrocarbon-Air Mzl Collg

3.1 TIoiroluciory

The objective of this task was to male corrosion ireasurements on
selected alloys thal might be uwsed as construction materials in a fuel
cell with a CFaSOgll 10 electrolyte. The first selection of materials

was made from those alloys thail are knovm to be relatively resistant

to corrosion in solutions of strong acids.

3.2 Experimental

PR NI P P N AR S R TR RPN W S

The alloys and their approximate compositions are given in Table I.

These alloys are commercially available. Prior to testing, the alloy

A ol

samples vere pre-treated according to the following procedure. They

were cleaned in acetone to remove grease from the surface. After drying

in air the samples were immersed in HO1 (1:1) at 85° for 1-2 mirutes.

%
%
i
iy

Following this they were rinsed in distilled water and then dipped in

a solution of HNOz and HpSO. (1:1). They vere again rinsed in distilled
water, rinsed with acetone, and stored in dry acetone until they were
used for the corrosion test. At that time they were removed and allowed
to dry in the air before being weighed.

I
I
|
|
I
|
2!
|
i
|
[
I
[

& : The monohydrate of trifluoromethanesulfonic acid was prepared by the
t
' method referred to above (section 2.2.1). In this preparation the acid
(Trifluoromethanesulfonic acid, FC-24, Lot 07, from the 3M Co.) was

mixed with Hz0 (£0 ml. of acid with 12 ml H20). This mixturc was

-

distillation was made by holding at about 150°C until no more distillate )

came off. The solution temperature was then raised and the distillation :

P

l distilled with the fraction under 150°C being rcjected. A second

D0
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Commnition of Alloys Used in Corrosion Tesths

Alloy
AISI Type 304

Incoloy 825
Hastelloy C

Carpenter 20 Cb-3

-23.

Compoaitlion

1€.0-20.0 Cr; 8.00-11.0 Hj;
0.0% ¢ (max); 2.0 Mn (max);
1.00 Si(max); 0.045 P (max);
0.03 S (max); balance Fe

k2 Ni; 21 Cr; 3.0 Mo;
53 Fe
56 Ni; 15 Cr; 3.7 W;

16 1% ; balance Fe

34,05 Ni; 19.91 Cr; 2.25 lo;
3.30 Cu; 0.21 Co; 0.8 Cb;
0.039 C; 0.39 Mn; O.41 Si;
0.016 P; 0.00k S; balance Fe
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conbinand ol 215»2]500. The Iatir dictillatle was collected. The
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firal distillalion was made with approvimat2ly a 600 ml volume. ‘The
first 50 ml. werc rejechted and 500D ml boiling at 217-218°C (756.9 mm)
wags collecled. 'The compound, so vrepared, supzreooled 1o about 29
before eryctallizins and melted sharply at 35°C. This boiling point

of 217-218°C is higher than that previously reported (1) and much

of the difference has been found bo he due to an inaccurate thermometer

used in the previously reported preparation. With this new, more

accurate, boiling poini and the literature vealues for vapor pressure

[ R P WO T T TV O "SNP SN .

of 1 mn at 96° (3) and 15 mm at 120° (13)it is possible to construct

an improved vapor pressure curve (figure 10). It is recopgnized that

this curve must still be considered rather rough tut it does offer
the possibility of making an estimation of the vapor pressure of the

hydrate at working fuel cell temperatures. Thus, from the plot, vapor

pressures of
31mm at 135°C
64 mm et 150°

e T S L YU YOS SN Frwes

185 mm at 175°
may be read. This explains why no difficulty has been encountered in
making electrochemical studies at 135°C,
Immediately following distillation, 20 ml aliquots of the hydrate
were transferred to test tubes fitted with Teflon stoppers. After ihe
alloy samples were weighed thoy were immersed in the CFaSOgi*l0 which

had been equilibrated in the constant temperature oil bath for about

one hour. "The corrosion tests were run in duplicate for a duration
£k

R
Nk

of 4 hours at 110°C and 161°¢C. Following the exposure, the samples

were rinsed successively with distilled water and acetone, dried

and reweighed.
-2l -
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5.5 Resslis -
The corrosion data are given as weight losses in Table II. 4

-

s

These weight locses are guod measures of the corrosien of the 3

alloys in the sense that the coupons did not develop corrosion
product {ilms, the weight of which would be included in the weight

of the sample after exposure to the acid. Further, there was no
evidence for the formation of high recistivity surface films.

It is apparent that the corrosion ratecs for all four alloys are quite
low at 161°C. fhe 4 hr rate of 0.3 mg cm 2 for stainless steel type
304 compares with a I hr rate of 40 mg ecm © observed in phosphoric

acid (4). A corrosion rate of 0.3 mg om 2 may be converted to an

OV Toh b el o L TP v S PEE T TOTE UG S T

engineering corrosion rate unit of 0.0376 inches peretration per year,

a rate that usually can be tolerated in construction materials for

tanks, piping, and valves.

3 % Conclusions

On the basis of these preliminary resulis it would appear that it
will not Pe necessary to use the highly alloyed Ni or Cr steels to
contain the acid. Stainless steel AISI type 304k or Ni-plate steel should
provide adequate corrosion resistance to serve as a construction
material. Rather the problem is shifted to an electrochemical question
dealing with the concentration (in trace quantities) of Fe++, Ni++,
ete. than can be tolerated in the electrolyte. In this preliminary

gtudy the metals reacted at their corrosion potential., The probability

exists that a different rate, greater or lesser, would exist if the

TV, >

metal was held at a positive or negative potential, 2.g., as a current

collector.
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%.0 Future vVork

In pursuit of the investigation of the two tasks set down in the
Introduction it is intended to perform the following cpecific studies
during the next reporting period.

a) Further electrochemical stuiies, such as cyclic voltammometric
studies, will be performed on the reduction of air in CFzSOsH-H20.
Thesce will include the determination of the effect of flow rate on
the limiting current density of the cathodic reaction.

b) The solubility of oxygen in CFaSOgH.Hz0 will be determined at
several temperatures.

c) The anodic oxidation of CHaOH, CH4, CO, and CO-Hp mixtures will
be investigated.

d) In the extended future it would be desirable to investigate
higher homologs of the fluorinate sulfonic acids either individually
or as additives to trifluoromethanesulfonic acid monohydrate. This
could include tetrafluoroethanedisulfonic acid studied by Camp and

Baker (14).
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t Table 11. Corrosion of Alloys in Trifluorcretbancsulfonic acid monolydrate
i Alloy Loas al, weight (mg ecm ) in 4 houvs ’i
i ¢
g 3
§ (o) (o) :
: At 110YC At '161_(2 :
4
AIST type 704 0.21 Ave. 0.1h 0.28 Ave. 0.31 o
(Stainless steel) 0.07 0.32 ]
Incoloy 825 0.026 Ave. 0.03 0.22 Ave. 0.28 i
00026 0.33 ‘41
Hastelloy C 0.06 Ave. 0.06 0.37 Ave. 0.37 E
0'06 0.36 3
Carpenter 20-Cb3 0.14% Ave. 0.11 0.31 Ave. 0.31 i
[ 0.09 0.29 ¥
.
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